A mutation in a gene that regulates folate metabolism has effects that persist for five generations, according to a new study in mice. The DNA of the affected animals displayed abnormal epigenetic marks, highlighting the value of these mutant mice as a model for studying the epigenetic transmission of developmental defects.
A mutation in a gene that regulates folate metabolism has effects that persist for five generations, according to a new study in mice. The DNA of the affected animals displayed abnormal epigenetic marks, highlighting the value of these mutant mice as a model for studying the epigenetic transmission of developmental defects.
Researchers have known for many years that folate deficiency can cause multiple congenital abnormalities, including cardiovascular defects, spina bifida, and intrauterine growth restriction. The exact mechanism has been unclear, but epigenetic regulation is thought to have a role. Folate is a key source of methyl groups for the epigenetic marks that are added to DNA to regulate gene expression and establish the level of gene activity across generations.
To take a closer look at how folate affects development and transmission of epigenetic information, Nisha Padmanabhan et al. generated mice deficient in methionine synthase reductase (Mtrr), an enzyme that sets up the transfer of methyl groups from folate to cellular substrates such as DNA.
The researchers found that the offspring of mice deficient in this enzyme developed normally, but the grandchildren of Mtrr-deficient grandmothers or maternal grandfathers were severely affected. These third-generation offspring had high levels of congenital malformations, and many of them were also growth restricted, apparently due to problems in the uterine environment during their development.
The two phenotypes were distinct: when the grandchildren were transferred as embryos to a healthy, genetically wild-type mother's uterus, they were not growth restricted, but they did have congenital abnormalities. Only congenital malformations persisted, and they did so for at least five generations.
The researchers speculate that the transgenerational effects are due to an inability to maintain genome-wide DNA methylation patterns in both imprinted and nonimprinted genes. In support of this idea, the researchers observed aberrant DNA methylation in the placentas of the wild-type grandprogeny of Mtrr-mutant grandmothers.
In addition to providing a window into the inheritance of epigenetic states, the findings also suggest that dietary deficiencies in folate in humans may have effects beyond a single generation. An experimental approach to treating primary ovarian insufficiency (POI) shows promise in a new study that allowed a few women with POI to produce mature eggs and, in one case, a healthy baby. The approach involves tweaking two independent biochemical pathways to prompt the growth of ovarian follicles.
POI afflicts about one percent of women, who develop menopausal symptoms before 40 years of age due to reduced follicle reserve. There is no effective treatment, and egg donation is often the woman's only pregnancy option.
Kazuhiro Kawamura et al. took a look at POI through the lens of a well-known treatment for a different reproductive disorder, pleomorphic polycystic ovarian syndrome, in which there are multiple anovulatory follicles. Some forms of this syndrome can be treated by measures that disrupt the ovary (such as laser drilling), with positive effects on follicle growth.
The researchers speculated that the underlying mechanism for this growth-promoting effect involves the Hippo signaling pathway, which is known to help regulate optimal organ size and can be disrupted in response to tissue damage. The Hippo pathway seems to act as a ''brake'' in the ovary to prevent excessive follicle growth. For instance, the researchers found that the pathway was disrupted in ovarian tissue that had been removed from juvenile mice and cut into several fragments.
In their preclinical model, the researchers transplanted ovary fragments from juvenile mice under the kidneys of adult hosts. Such fragments matured in the host and produced oocytes; follicle growth seemed to be augmented by factors that disrupted the Hippo pathway. The researchers also found that oocyte development in this system was affected by stimulating the Akt pathway, a separate intracellular signaling pathway previously implicated in follicle growth.
The researchers then applied these lessons to people, testing 27 women with POI and fragmenting portions of their donated ovaries into tiny cubes of 1-2 mm 3 . The Hippo pathway seemed to be disrupted in these fragments, as indicated by the presence of particular growth factors. The researchers treated these cubes with Aktstimulating drugs for two days before transplanting between 40 and 80 of them back into the fallopian tubes of each woman. The researchers were later able to retrieve eggs from five of the patients, one of whom gave birth to a baby boy after successful ICSI (intracytoplasmic sperm injection) using her husband's sperm.
The new treatment, dubbed in vitro activation (IVA), needs further testing, but provides hope for individuals with this disease. The new study also may lead the way to less invasive approaches for infertility treatment, such as targeting agents that stimulate Akt signaling and disrupt the Hippo pathway to the ovary. The male sex in a group of insect-foraging marsupials pays a high price for reproduction, unable to survive its own frenzied bout of mating. A new study suggests that the desperate destructive behavior of these creatures has evolved as a result of several factors, involving an extremely short mating season and sperm competition, in which females mate with multiple males to produce the fittest offspring. The females, it seems, are calling the shots, keeping the mating season brief to escalate sperm competition, which results in male death from the extreme stress of epic copulation.
Suicidal reproduction, also called semelparity, occurs in many species: salmon go belly-up after spawning, female praying mantises may rip the heads off their mates, and some male spiders become food for the females after copulation. The phenomenon has also evolved in mammals: it occurs in four genera of insect-eating marsupials in Australia, South America, and Papua New Guinea. One common evolutionary explanation for the behavior of these mammals is that the males die to avoid food depletion, leaving more resources for their young offspring. Diana Fisher et al. present an alternate view.
The researchers spent many years studying the lifestyle of these marsupials, documenting factors such as the availability of insect prey and the length of the breeding season. They also measured testicle size, since variation is indicative of sperm competition. Fisher and her colleagues previously found that in the large-testicled, small-bodied insectivore Antechinus stuartii-the brown antechinus or Macleay's marsupial mouse-females with multiple partners give birth to more fit offspring. The polyandrous animals mate during a brief, 10-to 14-day season, and the males copulate with each female for 5 to 14 consecutive hours. This extreme male mating behavior is accompanied by a massive burst of hormones such as testosterone and corticosteroids, leading to immune suppression and death by infection and hemorrhage.
The new data show that the species with the highest rates of male suicide also have the shortest mating seasons and the largest testes relative to body size. The researchers concluded that females time their peak ovulation dates to maximize breeding efforts by the males in a short time frame, thereby increasing sperm competition. The males are primed to mate like crazy during this brief period, but the effort overwhelms their bodies and they die.
Shorter mating seasons occur mainly in species living at higher latitudes, where insect prey is most abundant at specific times of year. Though food abundance is seasonal, insects are generally plentiful during weaning, which weakens the theory that the males die so their offspring can thrive. The researchers speculate that the seasonality of food abundance led to a short breeding season, which was shortened further by evolutionary pressure to intensify sperm competition in these polyandrous marsupials. Transcription factors that control how an organ develops often have powerful roles, orchestrating the regulation of gene sets specific to particular cell types or processes. Several transcription factors have been identified that control how sperm develop, but how these factors interact and the precise nature of their regulatory functions are far from clear. A new study in mice homes in on how two key gene regulators-TAF7l and TRF2-interact to govern the events after meiosis during sperm development.
After meiosis, sperm undergo a complex series of developmental events, including tail formation and tight packaging of their DNA. Taf7l (TATA-binding protein [TBP]-associated factor 7l) has been implicated in this process. Taf7l is expressed at high levels in the testis, and Taf7l-knockout mice have been shown to have defects including structurally abnormal sperm and compromised fertility.
Haiying Zhou et al. backcrossed Taf7l-deficient mice for several generations and emerged with a purer phenotype: more than 98 percent of the males were sterile. The sperm arrested at an early stage of spermiogenesis, and the phenotype resembled that of mice lacking expression of another key regulator, Trf2 (TBP-related factor 2).
The researchers went on to show that Taf7l and Trf2 associate with each other and activate the promoters of key postmeiotic genes. Trf2 and Taf7 are core components of the general transcriptional machinery that is specialized to operate during spermiogenesis after the completion of meiosis.
Paralogs of these regulators in other tissues form large, multiprotein complexes. Dissecting which proteins operate in the Taf7l/Trf2 complex in the testes may uncover new targets for male contraception and further unravel the complex process of the later phases of spermatogenesis.
These findings may also have implications for human reproductive health. Taf7l mutations have been found in infertile men with a low sperm count, and Taf7l may itself be a strong candidate for a contraceptive target. The researchers speculate that targeting Taf7l may result in a contraceptive that is reversible: since Taf7l affects later stages of spermatogenesis, ablation of this regulator should leave most male germ stem cells intact. Pregnancy is a time of opportunity for many viruses. The maternal immune response dials down to accommodate the growing fetus, enabling persistent, often quiet, viruses like hepatitis C (HCV) to explode in number. Jonathan Honegger et al. now show how the dampened immune response during pregnancy enables HCV to evolve and become more fit, potentially resulting in transmission of more destructive strains to newborns.
The researchers examined HCV dynamics in two women through two pregnancies. Normally, the virus is kept in check by immune cells called cytotoxic T lymphocytes (CTLs, also known as killer T cells). But a spike in HCV numbers in these women during pregnancy suggested that CTLs lose their effectiveness during this period.
The researchers tested whether the virus evolved during pregnancy as a result of a down-regulation in the CTL immune response. Viral sequencing revealed the loss of escape mutations, which are present prior to pregnancy and often compromise viral fitness. As a result of SCHUBERT the loss of these mutations, the viruses had enhanced fitness during pregnancy, which enabled them to evade CTLs, likely contributing to an increase in viral load. These fitter viruses were transmitted to the women's babies, suggesting that the dampened immune response of pregnancy may leave offspring vulnerable to infection by particularly robust viral strains.
After each pregnancy, the women's viruses evolved again to become less fit, and the viral load plummeted, presumably reflecting a strengthened CTL response. Future studies examining how the CTL response is modified during pregnancy may help in understanding viral evolution during this period. Such studies may also be relevant for understanding chronic HCV infection, since the immune changes observed in chronic HCV infection are similar to those seen in pregnancy. These changes include the expression of immunesuppressing molecules and the expansion of regulatory T cells, which dampen the immune response. 
